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© Power supply wiring arrangement of a semiconductor integrated circuit 



© A power supply wiring arrangement of a semi- 
conductor integrated circuit formed on a semicon- 
ductor chip (40), characterized by 

a) a plurality of pairs of metal bumps (44) 
formed on the semiconductor chip (40), 

b) a plurality of conductor strips (50) each 
extending between the bumps forming each of said 
pairs of metal bumps (44), and 

c) a plurality of thick-iayer wiring strips (48) 
directly connected to selected ones of said metal 
bumps (44) and said conductor strips (50), said 
thick-layer wiring strips being substantially identical 
in material and in thickness to said metal bumps 
,44). 
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SEMICONDUCTOR, INTEGRATED CIRCUIT 



FIELD OF THE INVENTION 



The present invention relates to a semiconduc- 
tor integrated circuit and, more particularly, to a 
power supply wiring arrangement of a semiconduc- 
tor integrated circuit typically implemented by an 
emitter-coupled logic gate array fabricated on a 
semiconductor chip forming a targe-scale integrat- 
ed circuit. 



SUMMARY OF THE INVENTION 



The present invention contemplates provision 
of an improved semiconductor integrated circuit 
eliminating the problems which would result from 
an increased integration density on a semiconduc- 
tor large-scale integrated circuit chip. The present 
invention further contemplates provision of an im- 
proved semiconductor integrated circuit minimizing 
the irregularities in the levels of the supply voltages 
to the individual elementary cells of a semiconduc- 
tor large-scale integrated circuit chip. The present 
invention further contemplates provision of an im- 
proved semiconductor integrated circuit in the form 
of an emitter-coupled logic gate array minimizing 
the irregularities in the levels of the supply voltages 
to the individual elementary cells of the gate array 
and eliminating the problems which would result 
from an increased integration density on a semi- 
conductor large-scale integrated circuit chip. 

In accordance with a first outstanding of the 
present invention, there is provided a power supply 
wiring arrangement of a semiconductor integrated 
circuit formed on a semiconductor chip, comprising 
a) a plurality of pairs of metal bumps formed on the 
semiconductor chip, b) a plurality of conductor 
strips each extending between the bumps forming 
each of the pairs of metal bumps, and c) a plurality 
of thick-layer wiring strips directly connected to 
selected ones of the metal bumps and the conduc- 
tor strips, the thick-layer wiring strips being sub- 
stantially identical in material and in thickness to 
the metal bumps. 

In one preferred embodiment of the present 
invention, the thick-layer wiring strips extend along 
the conductor strips, respectively, and are directly 
connected to selected ones of the metal bumps. In 
another preferred embodiment of the present in- 
vention, the thick-layer wiring strips extend per- 
pendicularly to the conductor strips and are ar- 
ranged in groups each consisting of thick-layer 
wiring strips directly connected to one of the con- 



ductor strips. 

In accordance with a second outstanding of the 
present invention, there is provided a power supply 
wiring arrangement of a semiconductor integrated 

5 circuit formed on a semiconductor chip, comprising 
a) a plurality of pairs of metal bumps formed on the 
semiconductor chip, and b) a plurality of power 
supply lines each extending between the bumps 
forming each of the pairs of metal bumps, c) 

w wherein the main power supply lines consist of 
thick-layer wiring strips substantially identical in 
material and in thickness to the metal bumps. 

In accordance with a third outstanding of the 
present invention, there is provided a power supply 

15 wiring arrangement of a semiconductor integrated 
circuit formed on a semiconductor chip, comprising 
a) a plurality of pairs of metal bumps formed on the 
semiconductor chip, b) a plurality of power supply 
lines each extending between the bumps forming 

20 each of the pairs of metal bumps, and c) a plurality 
of thick-layer wiring strips extending perpendicu- 
larly to the power supply lines and arranged in 
groups each consisting of thick-layer wiring strips 
directly connected to one of the power supply 

25 lines, the thick-layer wiring strips being substan- 
tially identical in material and in thickness to the 
metal bumps. 

In accordance with a fourth outstanding of the 
present invention, there is provided a semiconduc- 

30 tor integrated circuit formed on a semiconductor 
chip, comprising a) a plurality of logic building 
blocks arranged in rows and columns on the semh 
conductor chip and each including a predetermined 
number of elementary cells arranged in row, b) a 

35 plurality of pairs, of metal bumps formed on the 
semiconductor chip, c) a plurality of thick-layer 
wiring strips each electrically connected to selected 
ones of the elementary cells and to selected ones 
of the metal bumps, the thick-layer wiring strips 

40 being substantially identical in material and in 
thickness to the metal bumps, and d) a plurality of 
conductor strips each extending in crossing rela- 
tionship to the rows of the logic building blocks 
between the bumps forming each of the pairs of 

45 metal bumps, e) the thick-layer wiring strips being 
directly connected to selected ones of the metal 
bumps and the conductor strips. 

In accordance with a fifth outstanding of the 
present invention, there is provided a semiconduc- 

50 tor integrated circuit formed on a semiconductor 
chip, comprising a) a plurality of logic building 
blocks arranged in rows and columns on the semi- 
conductor chip and each including a predetermined 
number of elementary cells arranged in row, b) a 
plurality of pairs of metal bumps formed on the 
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semiconductor chip, c) a plurality of main power 
supply lines each extending in crossing relationship 
to the rows of the logic building blocks between the 
bumps forming each of the pairs of metal bumps, 
and d) local power distribution lines directly 
branched from the main power supply lines, each 
of the local power distribution lines extending along 
one of the logic building blocks and electrically 
connected to selected ones of the elementary cells 
of the particular one of the logic building blocks, e) 
wherein the main power supply lines and the local 
power distribution lines include thick-layer wiring 
strips substantially identical in material and in thick- 
ness to the metal bumps. 

In accordance with a sixth outstanding of the 
present invention, there is provided a semiconduc- 
tor integrated circuit formed on a semiconductor 
chip, comprising a) a plurality of logic building 
blocks formed substantially in parallel with each 
other on the semiconductor chip and each includ- 
ing a plurality of elementary cells, b) a plurality of 
pairs of metal bumps formed on the semiconductor 
chip, c) external power supply leads of metal and 
respectively formed on the pairs of metal bumps, 
d) a plurality of thick-layer wiring strips each ex- 
tending in crossing relationship to the logic building 
blocks between the bumps forming each of the 
pairs of metal bumps, the thick-layer wiring strips 
being substantially identical in material and in 
thickness to the metal bumps, e) main power con- 
ductor strips of metal respectively formed on the 
thick-layer wiring strips and extending between the 
external power supply leads on the bumps forming 
each of the pairs of metal bumps, and f) local 
power distribution lines electrically connected to 
the thick-layer wiring strips, each of the local power 
distribution lines extending along one of the logic 
building blocks and electrically connected to se- 
lected ones of the elementary cells of the particular 
one of the logic building blocks. 

In accordance with a seventh outstanding of 
the present invention, there is provided a semicon- 
ductor integrated circuit formed on a semiconduc- 
tor chip, comprising a) a plurality of logic building 
blocks formed substantially in parallel with each 
other on the semiconductor chip and each includ- 
ing a plurality of elementary cells, b) a plurality of 
pairs of metal bumps formed on the semiconductor 
chip, c) main power supply conductor strips of 
metal each extending in crossing relationship to the 
logic building blocks between the bumps forming 
each of the pairs of metal bumps, and d) local 
power distribution lines electrically connected to 
the thick-layer wiring strips, each of the local pow r 
distribution lines extending along one of the logic 
building blocks and electrically connected to se- 
lected ones of the elementary cells of the particular 
one of the logic building blocks, each of the local 



power distribution lines being formed by a thick- 
layer wiring strip which is substantially identical in 
material and in thickness to the metal bumps. 

5 

BRIEF DESCRIPTION OF THE ACCOMPANYING 
DRAWINGS 



70 The drawbacks of a prior-art semiconductor 
integrated circuit of the nature to which the present 
invention appertains and the features and advan- 
tages of a semiconductor integrated circuit accord- 
ing to the present invention over such a prior art 

75 semiconductor integrated circuit will be more clear- 
ly understood from the following description taken 
in conjunction with the accompanying drawings in 
which like reference numerals and characters des- 
ignate similar or corresponding structures, ele- 

20 ments and portions and in which: 

Fig. 1 is a plan view showing the general celt 
configuration and power-supply wiring arrangement 
of a prior-art emitter-coupled logic gate array; 

Fig. 2 is a fragmentary plan view showing, to 

25 an enlarged scale, a portion of the prior-art gate 
array shown enclosed by circle II in Fig. t; 

Fig. 3 is a sectional view taken along line Hi- 
ll! in Fig. 2; 

Fig. 4 is a plan view showing the general cell 
30 configuration and power-supply wiring arrangement 
of a first preferred embodiment of a semiconductor 
integrated circuit according to the present inven- 
tion; 

Fig. 5 is a fragmentary plan view showing, to 
35 an enlarged scale, a portion of the gate array 
shown enclosed by circle V in Fig. 4; 

Fig. 6 is a sectional view taken along line VI- 
VI in Fig. 5; 

Fig. 7 is a plan view showing the general cell 
40 configuration and power-supply wiring arrangement 
of a second preferred embodiment of a semicon- 
ductor integrated circuit according to the present 
invention; 

Fig, 8 is a fragmentary plan view showing, to 
45 an enlarged scale, a portion of the gate array 
shown enclosed by circle VIII in Fig. 7; and 

Fig. 9 is a sectional view taken along line IX- 
IX in Fig. 8. 

50 

DETAILED DESCRIPTION OF THE PRIOR ART 



Drawbacks of a prior-art semiconductor inte- 
55 grated circuit will be hereinafter described in more 
detail with reference to Fig. 1 which shows the 
general cell configuration and power-supply wiring 
arrangement of a known emitter-coupled logic gate 
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array formed on a semiconductor large-scale in- 
tegrated circuit chip 10. 

The semiconductor integrated circuit thus 
formed on the large-scale integrated circuit chip 10 
has peripheral bonding-pad areas 12 each having a 
series of wire bonding pads 14 arranged alongside 
the edge of the chip 10. On the circuit chip 10 are 
further provided a plurality of logic building blocks 
16 arranged in parallel with each other to form 
wiring channels 18 therebetween and each com- 
posed of a series of elementary cells 20. 

On the logic building blocks 16 and wiring 
channels 18 are formed high-level and low-level 
power supply conductor strips 22 and 24 each of 
which extends at right angles to the logic building 
blocks 16 and wiring channels 18. The high-level 
power supply conductor strips 22 extend in parallel 
with each other between a pair of common high- 
level power supply leads 26 extending along one 
pair of parallel bonding-pad areas and each leading 
from particular one or two of the wire bonding pads 
12 arranged along the pair of bonding pad areas. 
The low-level power supply conductor strips 24 
extend in parallel with these high-level power sup- 
ply conductor strips 22 and are arranged alter- 
nately to the high-level power supply conductor 
strips 22 so that each of the elementary cells 20 
has its center portion crossed by a portion of a 
high-level power supply conductor strip 22 as will 
be better seen in Fig. 2. Fig. 2 is a fragmentary 
plan view showing, to an enlarged scale, a portion 
of the prior-art gate array shown enclosed by circle 
II in Fig. 1. Each of the low-level power supply 
conductor strips 24 is thus located adjacent end 
portions of adjacent two of the elementary cells 20 
of each logic building block 16 so that each ele- 
mentary cell 20 has its opposite end portions re- 
spectively crossed by portions of adjacent two of 
the low-level power supply conductor strips 24 as 
will be also better seen in Fig. 2. 

The elementary cells 20 forming the individual 
logic building blocks 16 are selectively connected 
together through interconnection lines extending 
underneath the elementary cells 20 and in the 
wiring channels 18, though not shown in the draw- 
ings. Interconnection lines selectively connecting 
the elementary cells 20 may also be formed in the 
toplevel layer including the high-level power supply 
conductor strips 22. 

In the prior-art emitter-coupled logic gate array 
thus formed on the large-scale integrated circuit 
chip 10, the logical swings between the high-level 
and low-level voltages used for the individual ele- 
mentary cells 30 are significantly smaller than 
those used in logic gate arrays of other types. The 
absolute values of the logic levels used in the 
emitter-coupled logic array are thus determined on 
the basis of the high-level power supply voltage 



and, for this reason, the high-level power supply 
conductor strips 22 in particular must be fabricated 
with strict preciseness. The high-level power sup- 
ply conductor strips 22 are thus laid out with a view 

5 to reducing the voltage drops through the conduc- 
tor strips and are, for this purpose, formed to 
extend over the individual elementary cells 20. The 
high-level power supply conductor strips 22 in- 
cluded in the toplevel layer of the chip 10 can be 

w formed with desired thicknesses and can be con- 
nected directly from the power-supply bonding pad 
or pads 12 to the individual elementary cells 20. 

On the other hand, the low-level power supply 
conductor strips 24 need not be fabricated with the 

75 preciseness required for the fabrication of the high- 
level power supply conductor strips 22 and are laid 
out to extend in part over the elementary cells 20 
and in part below the high-level power supply con- 
ductor strips 22. The conductor strips 24 are 

20 formed by an inter-level layer underlying the 
toplevel layer including the high-level power supply 
conductor strips 22 where the low-level power sup- 
ply conductor strips 24 cross the high-level power 
supply conductor strips 22. Where the low-level 

25 power supply conductor strips 24 cross the ele- 
mentary cells 20, the conductor strips 24 are 
formed to extend over the elementary cells 20 to 
minimize the irregularities in the levels of the sup- 
ply voltages to the individual elementary cells 20. 

30 It is now assumed that the design rules of the 
chip 10 are such that each of the elementary cells 
20 has a length (X) of 300 microns and a pitch (Y) 
of 200 microns and that each of the high-level and 
low-level power supply conductor strips 22 and 24 

35 has a width (W) of 50 microns. It is further as- 
sumed that the toplevel layer forming the high-level 
power supply conductor strips 22 is 3 microns 
thick and has a resistivity of 0.01 ohm/square and 
that a current of 10 mA is to be applied to each of 

40 the elementary cells 20. 

It is further assumed that there are ten elemen- 
tary cells 20 located between the end point 
(indicated by sign in Fig. 1) and the center 
point (indicated by sign " + " in Fig. 1) of the cell 

45 area of the chip 10. (Note that only six elementary 
cells 20 are shown for simplicity of illustration.) In 
this instance, the voltage drop in the length of high- 
level power supply conductor strip 22 extending 
over these ten elementary cells 20 is approximately 

so 22 mV. 

To achieve a reasonable noise margin and an 
acceptable high-speed performance efficiency in 
an emitter-coupled logic gate array, it is imperative 
that the voltage drop through a singl high-level 

55 pow r supply lin b limited within a rang of this 
order, that is, approximately 22 mV. 

Fig. 3 shows a cross sectional configuration of 
a portion of the large-scale integrated circuit chip 
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10 as taken along line Ill-Ill in Fig. 2. The prior-art 
large-scale integrated circuit chip 10 is shown in- 
cluding a semiconductor substrate 30, an inter-level 
conductor layer 32 forming interconnections for the 
elementary cells 20, and an insulator layer 34 of, 
typically, silicon dioxide underlying the toplevel lay- 
er including the high-level power supply conductor 
strips 22. The semiconductor substrate 30 is 
formed typically by a laminar structure consisting 
of a base layer of silicon and layers of insulator 
and diffusion selectively deposited thereon. The 
inter-level conductor layer 32 is formed by inter- 
connection lines each having a width of, typically, 3 
microns and is covered with the insulator layer 34. 
The insulator layer 34 underlies the toplevel layer 
forming' the high-level power supply conductor 
strips 22 which extend transversely to the intercon- 
nection lines formed by the inter-level conductor 
layer 32. 

it is now assumed that the insulator layer 34 of 
silicon dioxide has a relative permittivity of 4 and is 
2 microns thick. Each of the high-level power sup- 
ply conductor strips 22 measuring 50 microns in 
width as above noted, the parasitic capacitance C p 
between one of the interconnection lines forming 
the inter-level conductor layer 32 and one of the 
high-level power supply conductor strips 22 in- 
cluded in the toplevel layer crossing the intercon- 
nection line is given, when the layers 22 and 32 are 
regarded as the parallel plates of a capacitor,, as: 
C p = (50um x 3um)/2um x 4 x €o 3 2.66 x 10" 3 
pF Eq. 1 

where e 0 stands for the permittivity of free space 
and is given as e 0 = 8-854 x 10"* 6 pF/um. 

Considering that a single elementary cell 20 is 
crossed by a single high-level power supply con- 
ductor strip 22 and a single low-level power supply 
conductor strip 24 (which consists of two half-width 
strip portions) each having a width W of 50 
microns, the total parasitic capacitance d between 
the inter-level conductor layer 32 formed by a unit 
length 1mm ( = 1000am) of the interconnection 
line under consideration and the high-level power 
supply conductor strips 22 crossing the intercon- 
nection line is given as: 

C T = 1000um/300um x 2 x (2.66 x 10~ 3 pF) * 
0.018 pF Eq.2 

The capacitance value of this order is of para- 
mount importance in an emitter-coupled logic gate 
array and it is thus strongly desired that the value 
be reduced as much as possible. 

In the meantime, there is a growing trend of 
the elementary cells of a logic gate array being 
scaled down and of the pitch distances of the 
elementary ceils being reduced with a vi w to 
further improving th integration density of the ar- 
ray. In this connection, an imaginary large-scale 
integrated circuit chip may be taken into consider- 



ation in which the elementary cells in a logic gate 
array of th design described with reference to Fig. 
1 is miniaturized by reducing the length X of each 
elementary cell to 150 microns and the pitch Y of 

s each elementary cell to 100 microns. It may be 
herein assumed that, as a result of such improve- 
ment in the design rules of the logic array, the 
elementary cells which can be formed on a single 
chip is nine times larger in number than the ele- 

io mentary cells 22 provided in the logic gate array 
shown in Fig. 1. It may thus be considered that the 
numbers of the rows and columns of the elemen- 
tary cells are each three times larger than those of 
the elementary cells 20 in the shown prior-art array 

is and accordingly that there are thirty elementary 
cells located between the end and the center 
points of the cell area of the chip. In this instance, 
the voltage drop V in the length of high-level power 
supply conductor strip extending over these thirty 

20 elementary cells is approximately 93 mV. 

It is herein also assumed that the insulator 
layer 34 of silicon dioxide in such a circuit chip has 
a relative permittivity of 4 and is 2 microns thick 
and that each of the interconnection lines forming 

25 the inter-level conductor layer 32 is 3 microns 
wide. If each of the high-level power supply con- 
ductor strips 22 is 50 microns wide, the parasitic 
capacitance between one of the interconnection 
lines forming the inter-level conductor layer 32 and 

30 one of the high-level power supply conductor strips 
22 forming the toplevel layer crossing the intercon- 
nection line equal the capacitance C p given by 
Equation 1, hence 2.66 x 10~ 3 pF. 

Assuming further that a single elementary cell 

35 20 is crossed by a single high-level power supply 
conductor strip 22 and a single low-level power 
supply conductor strip 24 each having a width W of 
50 microns, the total parasitic capacitance C T be- 
tween the inter-level conductor layer 32 formed by 

40 a unit length 1mm (=* lOOOum) of the interconnec- 
tion line under consideration and the high-level 
power supply conductor strips 22 crossing the in- 
terconnection line is given as: 
C T = 10GOnm/150um x 2 x (2.66 x 10~ 3 pF) * 

45 0.035 pF Eq.3 

From the above description it will be under- 
stood that notably increased ranges of voltage 
drops and inability of achieving desired noise mar- 
gins result from the scaling down of emitter-coup- 

so led logic gate arrays of the prior-art design. The 
noise margin of an emitter-coupled logic gate array 
could be improved by the use of an increased 
logical swing between the -high-level and low-level 
voltages for the individual elementary cells. This 

55 expedient will however prove unacceptable b - 
cause of the fact that the use of the incr as d 
logical swing in a large-scale integrated circuit may 
result in irregularities in the levels of the supply 



5 



9 



EP 0 361 825 A2 



10 



voltages to the individual elementary cells and may 
give rise to an increase in the delay time in the 
operation of each of the elementary cells provided 
in th integrated circuit. 

An increase in the delay time in the operation 
of an elementary cell may also be caused by the 
increase in the parasitic capacitance per unit length 
of an interconnection line. This problem imple- 
ments another important factor to be taken into 
account in increasing the integration density of a 
large-scale integrated circuit chip while maintaining 
the potential performance characteristics of the cir- 
cuit 

In the description regarding the imaginary 
large-scale integrated circuit chip, it has been as- 
sumed that the elementary cells in a prior-art logic 
gate array of the design described with reference 
to Fig. 1 is miniaturized by reducing the length X 
and pitch Y of each elementary cell with the width 
W of each of the high-level and low-level power 
supply conductor strips and maintained (at 50 
microns). In the case of this arrangement of a 
large-scale integrated circuit, there is another prob- 
lem that the toplevel iayer including the high-level 
power supply conductor strips has lesser areas 
allowing interconnection lines to extend between 
the high-level power supply conductor strips 22. 
This is objectionable from the view point of provid- 
ing an increased number of interconnection lines in 
a large-scale integrated circuit with an increased 
integration density. 

The parasitic capacitance between the inter- 
level conductor layer forming interconnections and 
the insulator layer underlying the high-level power 
supply conductor strips could be reduced by other- 
wise increasing the thickness of the latter. Where 
each of the length and pitch of each of the elemen- 
tary cells is reduced to one half as in the described 
imaginary large-scale integrated circuit chip, the 
increase in the voltage drop due to such measure- 
ment of each elementary cell could be offset by 
doubling the thickness of the insulator layer under- 
lying the high-level power supply conductor strips. 
Various difficulties will however be encountered in 
forming such a thick insulator layer by the semi- 
conductor process techniques presently available. 

Accordingly, it is an important object of the 
present invention to provide an improved semicon- 
ductor integrated circuit eliminating the problems 
which would result from an increased integration 
density on a semiconductor large-scale integrated 
circuit chip. 

It is another important object of the present 
invention to provide an improved semiconductor 
integrated circuit minimizing the irregularities in the 
levels of the supply voltages to the individual ele- 
mentary cells of a semiconductor large-scale in- 
tegrated circuit chip. 



It is still another important object of the present 
invention to provide an improved semiconductor 
integrated circuit in the form of an emitter-coupied 
logic gate array minimizing the irregularities in the 
s levels of the supply voltages to the individual ele- 
mentary cells of the gate array and eliminating the 
problems which would result from an increased 
integration density on a semiconductor large-scaled 
integrated circuit chip. 



PREFERRED EMBODIMENTS OF THE INVEN- 
TION 

75 

Fig. 4 shows the general cell configuration and 
power-supply wiring arrangement of a first pre- 
ferred embodiment of an semiconductor integrated 
circuit according to the present invention, The 

20 semiconductor integrated circuit herein shown is 
provided in the form of an emitter-coupled logic 
gate array fabricated on a semiconductor large- 
scale integrated circuit chip which is now repre- 
sented by reference numeral 40. 

25 The large-scale integrated circuit chip 40 im- 
plementing the first preferred embodiment of the 
present invention is assumed to be electrically con- 
nected to external circuit components by a tape 
automated bonding or TAB process. Thus, the 

30 semiconductor chip 40 on which the semiconductor 
integrated circuit embodying the present invention 
is fabricated has bumped peripheral bonding pad 
areas 42 on each of which are mounted a series of 
metal bumps 44 arranged alongside each edge of 

35 the chip 40. The metal bumps 44, shown hatched 
in Fig. 4, are typically of gold, copper or solder and 
are formed on the chip 40 preferably during the 
semiconductor wafer processing operation to fab- 
ricate the emitter-coupled logic gate array on the 

40 chip 40. 

In the tape automated bonding process is used 
a continuous lead carrier tape having leads in the 
form of a conductive frame of fingers etched on the 
surface of the tape, though not shown in the draw- 

45 ings. The leads thus formed on the continuous lead 
carrier tape are heated and forced against the 
individual bumps on a semiconductor chip by 
means of, typically, a thermocompression die or 
thermode to cause thermocompression bonds to 

so the bumps on the chip. The lead carrier tape to be 
used in such a tape automated bonding process is 
fabricated separately of the semiconductor wafer 
processing steps, as well known in th art. Thus, 
the s miconductor large-scale integrated circuit 

55 chip 40 herein shown are connected to external 
circuit components through m tal leads 46 each 
bonded at one end to one of the bumps 44. 

On the semiconductor large-scale integrated 
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circuit chip 40 shown in Rg. 4 are further provided 
a plurality of logic building blocks 16 arranged in 
parallel rows between one pair of parallel bonding- 
pad areas 42 of the chip 40 and spaced apart from 
_ach othr to form parallel wiring channels 18 
between the individual blocks 16. Each row of logic 
building blocks 16 consists of elementary cells 20 
arranged in series between the other pair of parallel 
bonding-pad areas 42 as partly shown to an en- 
larged scale in Fig. 5 which shows a portion of the 
gate array enclosed by circle V in Fig. 4. The 
elementary cells 20, which may form logic inverters 
or logic AND, NAND, OR or NOR gate networks, 
are selectively connected together through inter- 
connection lines extending underneath the elemen- 
tary cells 20 and in the wiring channels 18, though 
not shown in the drawings. 

In the semiconductor large-scale integrated cir- 
cuit chip 40 implementing the first preferred em- 
bodiment of the present invention, the metal leads 
46 leading outwardly from the chip 40 consist of a 
first set of metal leads used for the transmission of 
signals to and from the emitter-coupled logic gate 
array on the chip 40 and a second set of metal 
leads used as power supply terminals of the logic 
gate array on the chip 40. The first set of metal 
leads are herein referred to as signal input/output 
leads and the second set of external metal leads 
referred to as external power supply leads. The 
external power supply leads are shown consisting 
of those located adjacent one-edge of the chip 40 
as indicated by 46a t 46b, 46c, 46d and 46e and 
those located adjacent the opposite parallefedge 
of the chip 40 as indicated by 46a', 46b', 46c', 
46d' and 46e'. The leads 46a, 46b,"46c, 46d and 
46e located adjacent one edge of "the chip 40 are 
respectively paired with the leads 46a', 46b , 46c , 
46d' and 46e' located adjacent the "opposite par- 
allel edge of The chip 40. Thus, the logic gate array 
formed on the chip 40 herein shown has a plurality 
of pairs of external power supply leads 46a and 
46a'; 46b and 46b'; 46c and 46c'; 46d and"46d' 
and 46e and 46e*"as shown. The" alternative pai"s 
of leads 46a and 46a'; 46c and 46c' and 46e and 
46e' are used as high-level powe" supply leads 
and the alternative pairs of leads 46b and 46b' and 
46d and 46d' are used as low-levef power supply 
leads. 

The metal bumps 44 respectively underlying 
each of these pairs of power supply leads are 
connected together by elongated thick-layer wiring 
strips 48 which are also shown hatched in Fig. 4. 
.The thick-layer wiring strips 48 extend perpendicu- 
larly to the individual logic building blocks 16 and 
are integral with the bumps 44 carrying the external 
power supply leads 46a to 46e and 46a to 46e . 
These thick-layer wiring strips' 48 ar "preferably 
formed concurrently with the formation of the 



bumps 44 during the semiconductor wafer process- 
ing operation to fabricate the emitter-coupled logic 
gate array on the chip 40. 

On the individual thick-layer wiring strips 48 in 

5 turn are formed internal power supply leads 50 
which extend between the external power supply 
leads 46a to 46e located alongside one edge of the 
chip 40 and the external power supply leads 46a 
to 46e' located alongside the opposite parallel 

w edge of the chip 40. The internal power supply 
leads 50 thus connecting the pairs of externa^ pow- 
er supply leads 46a to 46e and 46a' to 46e' also 
extend perpendicularly to the logic building blocks 
16 and are bonded to the thick-layer wiring strips 

is 48 concurrently with the thermocompression bond- 
ing of the external metal leads 46 to the bumps 44 
during the semiconductor wafer processing opera- 
tion to fabricate the emitter-coupled logic gate ar- 
ray on the chip 40. The internal power supply leads 

20 50 and the underlying thick-layer wiring strips 48 
implement in combination main power supply lines 
48/50 which cross the logic building blocks 16 in 
the emitter-coupled logic gate array fabricated on 
the semiconductor large-scale integrated circuit. 

25 chip 40. The main power lines 48/50 extending 
between the external power supply leads 46a and 
46a'; 46c and 46c'; and 46e and 46e' provide~main 
high-level power "supply lines and fie main power 
lines 48/50 extending between the external power 

30 supply leads 46b and 46b'; and 46d and 46d' 
provide main lovHevel power supply lines in the 
large-scale integrated circuit chip 40. 

Each of the logic building blocks 16 is com- 
posed of a row of three elementary cells 20 located 

35 between adjacent two of these main power supply 
lines 48/50. It may be herein noted that there are 
no elementary cells 20 located below the main 
power supply lines 48/50 so that the elementary 
cells 20 provided on the chip 40 are free from the 

40 mechanical stresses that will be created when the 
thick-layer wiring strips 48 are bonded to the chip 
40 during tape automated bonding or TAB process- 
ing. 

In the first preferred embodiment of the 
45 present invention, there are further provided local 
power distribution lines 52 branched perpendicu- 
larly from the main power supply lines 48/50. Each 
of these local power distribution lines 52 extends 
on and along one of the logic building blocks 16 
so and is electrically connected to selected ones of 
the elementary cells 20 of the logic building block 
16 along which the local power distribution line 52 
extends: Each of these local power distribution 
lines 52 may be implemented by a conductor strip 
55 branched from and integral with one of th thick- 
layer wiring strips 48. Alternatively, each of the 
local power distribution lines 52 may be imple- 
mented by a conductor strip branched from an 
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inter-level conductor strip underlying and electri- 
cally connected to one of the thick-layer wiring 
strips 48. (As will be described with reference to 
Fig. 6, the inter-level conductor strip thus under- 
lying and electrically connected to one of the thick- 
layer wiring strips 48 may be formed by the inter- 
level conductor layer 32 forming part of the laminar 
structure of the chip 40.) 

The local power distribution lines 52 are thus 
electrically connected through the thick-layer wiring 
strips 48 and the internal power supply leads 50 to 
the pairs of external power supply leads 46a to 46e 
and 46a to 46e . In this instance, the local powe" 
distribution lines 52 connected through the leads 
50 and thick-layer wiring strips 48 to the alternate 
pairs of external power supply leads 46a and 46a'; 
46c and 46c' and 46e and 46e' are used as high- 
level power~distribution lines and the local power 
distribution lines 52 connected through the leads 
50 and thick-layer wiring strips 48 to the alternative 
pairs of leads 46b and 46b' and 46d and 46 d' are 
used as low-level"power distribution lines. The" local 
power distribution line 52 which extends on each of 
the logic building blocks 16 is thus used either as 
the high-level power distribution line or as the low- 
level power distribution line. Between adjacent two 
of the main power supply lines 62 is provided a 
column of high-level and low-level power distribu- 
tion lines 52 which extend alternately from the 
high-level and low-level main power supply lines 
48/50. Thus, the high-level and low-ievel power 
distribution lines 52 appear alternately on the logic 
building blocks 16 extending between the main 
power supply line 48/50 intervening between the 
pair of high-level power supply leads 46a and 46a , 
46c and 46c or 46e and 46e and the main power 
supply line "48/50 intervening between the pair of 
low-level power supply leads 46b and 46b or 46d 
and 46d . It may thus be noted~that the low-level 
power distribution lines for the logic building blocks 
16 having the overlying high-level power distribu- 
tion lines 52 and the high-level power distribution 
lines for the logic building blocks 16 having the 
overlying low-level power distribution lines 52 lines 
are formed by another inter-level layer (not shown) 
underlying the inter-level layer forming the local 
power distribution lines 52 herein shown. 

It may be further noted that the conductor 
strips forming the local power distribution lines 52 
herein shown extend along and overlies the respec- 
tively associated ones of the logic building blocks 
16 and are not located on the parallel wiring chan- 
nels 18 between the individual logic building blocks 
16. In the absence of the local power distribution 
lines 52 on the wiring channels 18, there are no 
parasitic capacitances added to the interconnection 
tines extending in the wiring channels 18. 

Fig. 6 shows a cross sectional configuration of 



a portion of the large-scale integrated circuit chip 
40 as taken along line VI-VI in Fig. 5. The large- 
scale integrated circuit chip 40 is shown compris- 
ing a semiconductor substrate 30, an inter-level 

5 conductor layer 32 forming interconnections for the 
elementary cells 20, and an insulator layer 34 of, 
typically, silicon dioxide. The thick-layer wiring 
strips 48 are formed on the insulator layer 34 and 
underlie the internal power supply leads 50. The. 

w semiconductor substrate 30 is formed typically by 
a laminar structure comprising a base layer of 
silicon and layers of insulator and diffusion selec- 
tively deposited thereon. In the first preferred em- 
bodiment of the present invention, furthermore, the 

is inter-level conductor 32 of the large-scale inte- 
grated circuit chip 40 may further form the above 
mentioned inter-level conductor strips underlying 
and merging into the conductor strips implement- 
ing the local power distribution lines 52. 

20 The interconnection lines formed by the inter- 
level conductor layer 32 are directed in crossing 
relationship to the main power supply lines formed 
by the thick-layer wiring strips 48 and internal 
power supply leads 50 and are assumed to mea- 

25 sure 3 microns in width. The insulator layer 34 of 
silicon dioxide overlying this inter-level conductor 
layer 32 is formed to a thickness of 2 microns and 
is assumed to have a relative permittivity of 4. The 
thick-layer wiring strips 48 is formed by plating of 

30 gold onto this insulator layer 34. Each of the thick- 
layer wiring strips 48 is assumed to have a width of 
50 microns and a resistivity of 0.001 ohm/square. 
Each of the internal power supply leads 50 over- 
lying these thick-layer wiring strips 48 is assumed 

35 to have a width of 60 microns, .and a resistivity of 
0.0005 ohm/squarfe. 

On the other hand, the metal bumps 44 are 
assumed to be formed to a thickness of 20 microns 
as is customary in the art of the tape automated 

40 bonding process and, thus, the thick-iayer wiring 
strips 48 which are formed concurrently with the 
bumps 44 are also assumed to have a thickness of 
20 microns. Likewise, the metal leads 46 ther- 
mocompression bonded on the metal bumps 44 

46 are assumed to be formed to a thickness within a 
range of 50 to 60 microns as is also customary in 
the art of the tape automated bonding process. 
Thus, the internal power supply leads 50 which are 
formed concurrently with the metal leads 46 are 

so assumed to have a thickness of 60 microns by way 
of example. 

It is further assumed that the design rules of 
the chip 40 ar such that each of the elementary 
cells 20 has a length X of 150 microns and a pitch 
55 Y of 100 microns. It is further assumed that there 
are a total of 60 rows of logic building blocks 16 on 
the semiconductor chip 40 although only 13 rows 
of logic building blocks are shown in Fig. 4 for 
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simplicity of illustration and that a current of 10 mA 
is to be applied to each of the elementary cells 20. 

Thus, each of the main power supply lines 
48/50 such as for example, the high-level main 
power supply line 48/50 extending between the 
external leads 46c and 46c' is required to supply 
current to a total of ninety (= 3 x 2 x 60/4) 
elementary cells 20 located between the end point 
(indicated by sign in Fig. 4) and the center 
point (indicated by sign " + " in Fig. 4) of the cell 
area of the chip 40. In this instance, the voltage 
drop _V in the length of main power supply line 
48/50 extending over these ninety elementary cells 
20 is approximately 10 mV. 

Each of the thick-layer wiring strips 48 measur- 
ing 50 microns in width as above noted, the para- 
sitic capacitance C p between one of the intercon- 
nection . lines forming the inter-level conductor 
layer-32 arid the high-level main power supply line 
48/50 extending between the external leads 46c 
and 46c' and crossing the interconnection line is 
given, when the layer 32 and the layer forming the 
line 48/50 are regarded as the parallel plates of a 
capacitor, as: 

C p = (50um x 3um)/2um x 4 x e 0 = 2.66 x 10" 3 
pF Eq. 4 

As has been noted previously, eo stands for the 
permittivity of free space and is given as eo = 
8.854 xlO -6 pF/um. 

Considering that the internal lead 50 forming 
part of the power supply line 48/50 under consider- 
ation is associated with three elementary cells 20 
each having the length (X) of 150 microns and per 
se has a width of 50 microns, the total parasitic 
capacitance C T between the inter-level conductor 
layer 32 formed by a unit length 1mm (= 1000am 
of the interconnection line under consideration and 
the main power supply line 48/50 crossing the 
interconnection line is given as: 
C T = 1000um/(150um x 3 + 60jim) x (2.66 x 10~ 3 
pF) * 0.005 pF Eq. 5 

It will be understood that the capacitance value of 
the order given by this Eq. 5 approximately equals 
one seventh of the value of 0.035 pF given by Eq. 
3 and is thus significantly smaller than the total 
parasitic capacitance in the described prior-art 
semiconductor integrated circuit. It may be noted 
that the interconnection line having the length of 
1mm underlies the 50um long thick-layer wiring 
strip 48 at an average of 1000/(150 x 3 + 60) sites. 

Fig, 7 shows the general cell configuration and 
power-supply wiring arrangement of a second pre- 
ferred embodiment of a semiconductor integrated 
circuit according to the pr sent invention. The 
semiconductor integrated circuit herein shown is 
also provided in the form of an emitt r-coupled 
logic gate array fabricated on a semiconductor 
large-scale integrated circuit chip which is now 



represented by refer nee numeral 60. 

The large-scale integrated circuit chip 60 im- 
plementing the second preferred embodiment of 
the present invention is assumed to be electrically 

5 connected to external circuit components by a wire 
bonding process. Thus, the semiconductor inte- 
grated circuit formed on the large-scale integrated 
circuit chip 60 has peripheral bonding-pad areas 12 
each having a series of wire bonding pads 14 

ro arranged alongside each edge of the chip 60. On 
selected ones of these wire bonding pads 14 are 
mounted a set of metal bumps 44a to 44e located 
alongside one edge of the chip 60 and "a set of 
metal bumps 44a' to 44e' located the alongside the 

75 opposite parallel edge "of the chip 60. Thus, the 
emitter-coupled logic gate array formed on the chip 
60 herein shown has a plurality of pairs of metal, 
bumps 44a and 44a ; 44b and 44b ; 44c and 44c ; 
44d and 44d and~44e and 44e as shown. The 

20 alternative pairs of leads 44a and 44a; 44c and 
44c and 44e and 44e are used as high-level 
power supplylerminals Tor the emitter-coupled log- 
ic gate array and the alternative pairs of leads 44b 
and 44b and 44d and 44d are used as low-level 

25 power "supply terminals for the gate array. The 
metal bumps 44a to 44e and 44a' to 44e , shown 
hatched in Fig. 7, are typically of gold, copper or 
solder -and are formed on the chip 60 preferably 
during the semiconductor wafer processing opera- 

30 tion to fabricate the emitter-coupled logic gate ar- 
ray on the chip 60. The metal bumps 44a to 44e 
and 44a to 44e' are formed on the selected ones 
of the bonding "pads 14 typically by a thermocom- 
pression bonding process. 

35 On the semiconductor large-scale integrated 
circuit chip 60 shown in Fig. 7 are further provided 
a plurality of logic building blocks 16 arranged in 
parallel rows between one pair of parallel bonding- 
pad areas 12 of the chip 60 and spaced apart from 

40 each other to form parallel wiring channels 18 
between the individual blocks 16. Each row of logic 
building blocks 16 consists of elementary cells 20 
arranged in series between the other pair of parallel 
bonding-pad areas 12 as partly shown to an en- 

45 larged scale in Fig. 8. The elementary cells 20 are 
connected together through interconnection lines 
extending underneath the elementary cells 20 and 
in the wiring channels 18, though not shown in the 
drawings. 

so In the semiconductor large-scale integrated cir- 
cuit chip 60, there are further provided main power 
supply lines implemented by conductor strips 62 
extending between the metal bumps 44a and 44a'; 
44b and 44b'; 44c and 44c'; 44d and 44d'; and 44e 

55 and 44e'. The main poweT supply conductor strips 
62 extending betw en the m tal bumps 44a and 
44a'; 44c and 44c'; and 44e and 44e' provide'main 
high-level power" supply fines in The large-scale 



9 



17 



EP 0 361 825 A2 



18 



integrated circuit chip 60 and the main power sup- 
ply conductor strips 62 extending between the met- 
al bumps 44b and 44b; and 44d and 44d' provide 
main low-level power supply iin s in th chip 60. 

The main power supply conductor strips 62 
thus connecting the pairs of metal bumps 44a to 
44e and 44a' to 44e' extend perpendicularly tolhe 
logFc building blocks 16 and are bonded to local 
power distribution lines 64 implemented by thick- 
layer wiring strips forming a layer underlying the 
layer of the main power supply conductor strips 62. 
These local power distribution lines 64 are prefer- 
ably formed concurrently with the formation of the 
metal bumps 44a to 44e and 44a' to 44e' on the 
semiconductor chip 60 ~ The main power supply 
conductor strips 62 are thermocompression bon- 
ded to these local power distribution lines 64 and 
to the metal bumps 44a to 44e and 44a' to 44e' 
during the semiconductor wafeF processing opera* 
tion to fabricate the emitter-coupled logic gate ar- 
ray on the chip 60. Each of the logic building 
blocks 16 is composed of a row of three elemen- 
tary cells 20 located between adjacent two of the 
main power supply conductor strips 64. 
It may be herein noted that there are no elemen- 
tary cells 20 located below the main power supply 
conductor strips 62 so that the elementary cells 20 
provided on the chip 60 are free from the mechani- 
cal stresses that will be created when the main 
power supply conductor strips 62 are bonded to 
the local power distribution lines 64 during wire 
bonding processing. 

Each of the local power distribution fines 64 
thus branched perpendicularly from the main pow- 
er supply conductor strips 62 extends on and along 
one of the logic building blocks 16 and is elec- 
trically connected to selected ones of the elemen- 
tary cells 20 of the logic building block 16 along 
which the local power distribution line 64 extends. 
The local power distribution lines 64 are thus elec- 
trically connected through the main power supply 
conductor strips 62 to the pairs of metal bumps 
44a to 44e and 44a' to 44e'. In this instance, the 
local power distribution lines 64 connected through 
the main power supply conductor strips 62 to the 
alternate pairs of metal bumps 44a and 44a'; 44c 
and 44c and 44e and 44e are used as high-level 
power distribution lines and the local power dis- 
tribution lines 64 connected through the conductor 
strips 62 to the alternative pairs of leads 44b and 
44b and 44d and 44d are used as low-level power 
distribution fines. The local power distribution line 
64 which extends on each of the logic building 
blocks 16 is thus used either as the high-level 
power distribution line or as the low-level power 
distribution line. Betwe n adjacent two of the main 
power supply lines 44/50 is provided a column of 
high-l vel and low-level power distribution lines 64 



which extend alternately from the high-level and 
low-level power supply main power supply conduc- 
tor strips 62. Thus, the high-level and low-level 
power distribution lines 64 appear alternately on 

5 the logic building blocks 16 extending between the 
high-level power supply main conductor strip 62 
intervening between the .pair of high-level power 
supply metal bumps 44a and 44a', 44c and 44c' or 
44e and 44e and the low-level poweF supply con- 

w ductor strip "62 intervening between the pair of low- 
level power supply leads 44b and 44b' or 44d and 
44d'. It may be noted thai the low-level power 
distribution lines for the logic building blocks 16 
having the overlying high-level power distribution 

is lines 64 and the high-level power distribution lines 
for the logic building blocks 16 having the overlying 
low-level power distribution lines 64 lines are 
formed by another inter-level layer (not shown) 
underlying the inter-level layer forming the local 

20 power distribution lines 64 herein shown. 

It may be further noted that the conductor 
strips forming the local power distribution lines 64 
herein shown extend along and overlies the respec- 
tively associated ones of the logic building blocks 

25 16 and are not located on the parallel wiring chan- 
nels 18 between the individual logic building blocks 
16, In the absence of the local power distribution 
lines 64 on the wiring channels 18, there are no 
parasitic capacitances added to the interconnection 

30 lines extending in the wiring channels 18, as in the 
embodiment described with reference to Figs. 4 to 
6. 

The main power supply conductor strips 62 
may be bonded to the metal bumps 44a to 44e 

35 and 44a' to 44e' and the local power distribution 
lines 64 with use of a lead carrier similar to that 
used in the tape automated bonding process. In 
this instance, the lead carrier may be removed 
from the chip 60 on completion of the thermocom- 

40 pression bonding of the main power supply con- 
ductor strips 62 but this is not an essential require- 
ment in fabricating a conductor strip according to 
the second preferred embodiment of the present 
invention. It may be noted that the lead carrier to 

45 be used in this thermocpmpression bonding pro- 
cess is fabricated separately of the semiconductor 
wafer processing steps and has apertures where 
the conductor strips 62 are to be bonded to the 
bumps and local power distribution lines. 

so Fig. 9 shows a cross sectional configuration of 
a portion of the large-scale integrated circuit chip 
60 taken along line IX-IX in Fig. 7. The large-scale 
integrated circuit chip 60 is shown comprising a 
semiconductor substrate 30, an inter-level conducr 

55 tor layer 32 forming interconnections for the ele- 
mentary cells 20, and an insulator layer 34 of, 
typically, silicon dioxide. The main power supply 
conductor strips 62 bridge the local power distribu- 
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tion lines 64 which are herein shown by phantom 
lines and thus extend over the insulator layer 34 so 
that there is formed a layer of air 66 between each 
of the conductor strips 62 and the insulator layer 
34. The metal bumps 44 are herein assumed to be 
formed to a thickness of 20 microns and, accord- 
ingly, the layer of air 66 formed between the in- 
sulator layer 34 and the main power supply con- 
ductor strips 62 has a thickness (T) of 20 microns 
which is assumed to be the thickness of the local 
power distribution lines 64 which are formed con- 
currently with the formation of the metal bumps 
44a to 44e and 44a' to 44e'. The semiconductor 
substrate 30 is formed typically by a laminar struc- 
ture comprising a base layer of silicon and layers 
of insulator and diffusion selectively deposited 
thereon. 

The interconnection lines formed by the inter- 
level conductor layer 32 are directed in crossing 
relationship to the main power supply conductor 
strips 62 and are assumed to measure 3 microns in 
width. The insulator layer 34 of silicon dioxide 
overlying this inter-level conductor layer 32 is 
formed to a thickness of 2 microns and is assumed 
to have a relative permittivity of 4. Each of the 
main power supply conductor strips 62 is assumed 
to have a width of 60 microns, a thickness of 60 
microns and a resistivity of 0.005 ohm/square. 

It is further assumed that the.„design rules of 
the large-scale integrated circuit chip 60 herein 
shown are also such that each of the elementary 
cells 20 has a length X of 150 microns and a pitch 
Y of 100 microns. It is further assumed that there 
are a total of 60 rows of logic building blocks 16 on 
the semiconductor chip 60 although only 13 rows 
of logic building blocks are shown in Fig. 7 for 
simplicity of illustration and that a current of 10 mA 
is to be applied to each of the elementary cells 20. 

Thus, each of the main power supply conduc- 
tor strips 62 such as for example, the high-level 
main power supply conductor strip 62 extending 
between the metai bumps 44c and 44c' is required 
to supply current to a total of ninety" (= 3 x 2 x 
60/4} elementary cells 20 located between the end 
point (indicated by sign in Fig. 7) and the 
center point indicated by sign " + " in Rg. 7) of the 
cell area of the chip 60. In this instance, the voltage 
drop _V in the length of main power supply con- 
ductor strip 62 extending over these ninety ele- 
mentary cells 20 is approximately 12 mV. This 
value of the voltage drop _ V is higher than that of 
the voltage drop V caused in the first preferred 
embodiment of the present invention, the increase 
in the voltage drop having resulted from the ab- 
sence of the thick-layer wiring strips between the 
insulator layer 34 and the main power supply con- 
ductor strips 62. In view, however, of the fact that 
the local power distribution lines 64 are formed by 



thick-layer wiring strips, the voltage drop _V of 12 
mV through the main power supply conductor strip 
62 is acceptable for practical purposes. 

In the arrangement shown in Fig. 7, the para- 
5 sitic capacitance C p between one of the intercon- 
nection lines forming the inter-level conductor layer 
32 and the high-level main power supply conductor 
strip 62 crossing the interconnection line is given 
as: 

io C p = 1/(1/C S + 1/C a ) Eq.6 

where C s is the capacitance resulting from the 
insulator layer 34 and C a is the capacitance result- 
ing from the layer of air 66. Each of the main 
power supply conductor strips 62 measuring 60 

;s microns in width as above noted, the parasitic 
capacitance C s resulting from the insulator layer 34 
is calculated, when the layer 32 and the layer 
forming the conductor strip 62 are regarded as the 
parallel plates of a capacitor, as: 

20 C s = (60nm x 3um)/2um x 4 x « 0 = 3.187 x 10~ 3 
pF Eq.7 

The capacitance C a resulting from the layer of air 
66 is calculated as 

C a 3 {60um x 3u.m}/20um x 1 x < 0 = 7.969 x 

25 10" 5 pF Eq. 8 

The parasitic capacitance C p is thus given as C p = 
1/(1/(3.187 x 10~ 3 ) + 1/(7.969 x 10" 5 )} = 7.77 x 
10" 5 pF Eq. 9 

Considering that the main power supply con- 

30 ductor strip 62 under consideration is associated 
with three elementary cells 20 each having the 
length (X) of 150 microns and per se has a width of 
60 microns, the total parasitic capacitance C T be- 
tween the inter-level conductor layer 32 formed by 

35 a unit length 1mm ( = lOOOurn) of the interconnec- 
tion line under consideration and the main power 
supply conductor strip 62 crossing the interconnec- 
tion line is given as: 

C T = 1000um/(150um x 3 + 60um) x (7.77 x 

40 10- 5 pF)« 0.00015 pF Eq. 10 

It wilt be understood that the capacitance value of 
the order given by this Eq. 10 approximately 
equals 0.4 per cent of the value of 0.035 pF given 
by Eq. 3, offering 99.6 per cent of improvement 

45 over the described prior-art semiconductor inte- 
grated circuit. 

Actually associated with an interconnection line 
included in the interlevel conductor layer 32 are not 
only the parasitic capacitance formed between uie 

so interconnection line and the main power supply 
conductor strip 62 crossing the line 62 but the 
capacitance formed between the particular inter- 
connection line and each of the overlying and un- 
derlying interconnection lines extending in crossing 

55 relationship to the former. In the wiring arrange- 
ment of a prior-art large-scale integrated circuit 
chip, the form r parasitic capacitance is far larger 
than the latter and, in addition, increasing the in- 
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t gration density of a large-scale integrated circuit 
chip may make it difficult to provide the wiring 
channels between the logic building blocks on the 
large-scale integrated circuit chip. 

In the second preferred embodiment of the 
present invention, the parasitic capacitance formed 
between the interconnection line and the main pow- 
er supply line 62 is reduced to approximately 4 per 
cent of that in the prior-art semiconductor inte- 
grated circuit as has been noted and practically 
can be disregarded at least in respect of the inter- 
level conductor layer closesr to the layer of the 
power supply lines. 

As will have been understood from the fore- 
going description, a semiconductor integrated cir- 
cuit according to the present invention is character- 
ized inter alia by the power supply wiring arrange- 
ment in which conductor conductor strips fabri- 
cated by a process independent of the wafer pro- 
cessing operation to fabricate a large-scale inte- 
grated circuit on a semiconductor chip are bonded 
to the metal bumps and thick-layer wiring strips 
formed on the chip during the wafer processing 
operation. By virtue of this power supply wiring 
arrangement, the resistances in the power supply 
lines to the individual elementary cells on the large- 
scale integrated circuit chip can be reduced signifi- 
cantly with consequent reduction in the voltage 
drops in a high-density, large-current integrated 
circuit and accordingly in the parasitic capacitances 
associated with the interconnection lines in the 
inter-level conductor layer. A semiconductor inte- 
grated circuit according to the present invention is 
further advantageous in that the number of the 
main power supply lines can also be reduced sig- 
nificantly so that there can be provided ample 
spaces for the wiring channels to accommodate an 
increased number of interconnection lines in a 
large-scale integrated circuit chip having an in- 
creased integration density. 

It may also be added that, because of the 
significant reduction in the voltage drops in the 
supply power and in the parasitic capacitance as- 
sociated with the interconnection lines in an inter- 
level conductor layer, a large-scale integrated cir- 
cuit chip carrying a semiconductor integrated cir- 
cuit according to the present invention provides a 
sufficient range of noise margin and permits forma- 
tion of an internal circuits having an increased 
ability to activate loads on the chip with a current 
of the order used in a high-speed large-scale in- 
tegrated circuit chip typically forming an emitter- 
coupled logic gate circuit. 



tor chip, characterized by 

a) a plurality of pairs of metal bumps (44; 
44a-44e, 44a'-44e ) formed on the semiconductor 
chip (40; 60)7 

s 

b) a plurality of conductor strips (50; 62) 
each extending between the bu.ps forming each of 
said pairs of metal bumps (44; 44a-44e, 44a'-44e' , 
and 

w 

c) a plurality of thick-layer wiring strips (48; 
64) directly connected to selected ones of said 
metal bumps (44; 44a-44e, 44a' -44e') and said 
conductor strips (50; 62), "said IhicMayer wiring 

75 strips being substantially identical in material and 
in thickness to said metal bumps (44; 44a-44e, 
44a -44e' . 



55 

Claims 

A power supply wiring arrangement of a semicon- 
ductor integrated circuit formed on a semiconduc- 
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